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(54) Receiver for a communication device for a multi-path radio channel 



(57) Communication device, in particular compris- 
ing a CDMA RAKE receiver arrangement, having a sig- 
nal generator for generating at least m locally generated 
signals, which are time delayed by a delay time from 
each other, and a correlator for obtaining m correlated 



signals by correlating a received identification signal 
with the m locally generated signals, wherein the receiv- 
er comprises a ranking arrangement for identifying j cor- 
related signals of highest power out of the m correlated 
signals. 
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Description 

[0001] The present invention relates to a receiver, in 
particular a Code Division Multiple Access (CDMA) re- 
ceiver.for a. in particular mobile, communication device. 
[0002] A (mobile) communication device in particular 
a mobile communication device having a Code Division 
Multiple Access (CDMA) receiver, may be allocated to 
a base station. When the mobile communication device 
is allocated to the base station, the mobile communica- 
tion device will, due to reflections, receive multi-path 
components of a signal sent by the base station. A 
known receiver for receiving multi-path signals from a 
base station comprises a correlator for correlating the 
identification signal of the base station with locally gen- 
erated signals and an hypothesis algorithm judging 
whether the time delay of the locally generated signal 
matches the delay time of a multi-path component in the 
received identification signal. A receiver of higher per- 
formance may be found in Viterbi. Andrew. "Principles 
of Spread Spectrum Communications". Addison-Wes- 
ley Publishing Company 1 995. disclosing a multiple dual 
series search acquisition scheme. Such a multiple dual 
series search acquisition scheme comprises both a cor- 
relator for correlating an identification signal received 
from the base station and an additional hypothesis test- 
ing. 

[0003] A known receiver architecture for CDMA mo- 
bile systems is the rake receiver. See Price. R. et aL "A 
Communication Technique for Multipath Channels." 
Proceedings of the IRE. 1958, vol. 46. pp. 555-570. A 
rake receiver consists of a bank of correlation-type re- 
ceivers or correlators. Each correlator of the bank of cor- 
relators is used to detect a separate multi-path compo- 
nent. 

[0004] A further acquisition scheme is disclosed in 
Gweon-Do Jo, Sook-Heyn Chang. Hye-Yeon Kweon. 
and Sun-Young Kim. Performance Evaluation of Pilot 
Channel Acquisition Syslem in CDMA Forward Link. 
IEEE 48 m Vehicular Technology Conference. 1998. Vol. 
2. pp. 1244-1248. however it turned out that this acqui- 
sition scheme fails if multi-path components of a signai 
are present. 

[0005] It is an object of the present invention to im- 
prove a receiver, in particular a CDMA receiver, for a. in 
particular mobile, communication device. 
[0006] The object is achieved by the receiver arrange- 
ment according to claim 1 or a communication device 
according lo claim 10. Such a receiver arrangement or 
mobile communication device comprises 

a signal generator for generating at least m locally 
generated signals, which are time delayed by a de- 
lay time from each other. 

a correlator for obtaining m correlated signals by 
correlating a received identification signal with the 
m locally generated signals, and 
a ranking arrangement for identifying j correlated 



signals of highest power out of the m correlated sig- 
nals. 

[0007] The object of the present invention is further 
5 achieved by a method for operating a receiver arrange- 
ment by receiving an identification signal and obtaining 
m correlated signals by correlating the identification sig- 
nal with m locally generated signals, which are time de- 
layed from each other, and identifying j correlated sig- 
io nals of highest power out of the m correlated signals. 
(0008] The object of the present invention is further 
achieved by a method for operating a receiver arrange- 
ment, by 

*5 - receiving an information signal and an identification 
signal, 

obtaining m correlated signals by correlating the 
identification signal with m locally generated sig- 
nals, which are time delayed from each other, 

20 - identifying j correlated signals of highest power out 
of the m locally generated signals, 
selecting n correlated signals out of the j correlated 
signals, wherein n is less than or equal j. 
obtaining n or less delayed information signals by 

25 delaying the information signal by time delays which 
correspond to the n selected correlated signals, and 
adding the n or less delayed information signals or 
adding the n or less delayed information signals and 
the information signal. 

30 

[0009] In a preferred embodiment of the invention the 
receiver arrangement is a Code Division Multiple Ac- 
cess. CDMA, receiver, in particular a rake receiver. 
[0010] In afurther preferred embodiment of the inven- 

35 (ion the delay time is less than 20us. 

[0011] In a further preferred embodiment of the inven- 
tion m is less than 100. in particular about 80. 
[001 2] In a further preferred embodiment of the inven- 
tion j is grater than 5 and less than m/2. in particular less 

JO than 30. 

[001 3] In a further preferred embodiment of the inven- 
tion j is less than 20. 

[0014] In a further preferred embodiment of the inven- 
tion the receiver arrangement comprises an evaluation 
arrangement for selecting n correlated signals out of the 
j correlated signals of highest power, wherein n is less 
than or equal j. 

[001 5] In a further preferred embodiment of the inven- 
tion the receiver arrangement, which is capable of re- 

50 ceiving an information signal, comprises a delay ar- 
rangement for obtaining n or less delayed information 
signals by delaying the information signal by delay times 
which correspond to the n selected correlated signals. 
[001 6] In a further preferred embodiment of the inven- 

55 tion the receiver arrangement comprises a summation 
arrangement for adding the n or less delayed informa- 
tion signals or adding the n or less delayed information 
signals and the information signal. 
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[0017] The communication device is preferably a mo- 
bile communication device, in particular a mobile phone 
or mobile computer. However the communication de- 
vice may also be part of a wireless building communi- 
cations system. 

[0018] Further advantages of the present invention 
will become apparent from the claims and the descrip- 
tion below, based on the drawings, in which: 

FIG. 1 shows a mobile communication device. 

FIG. 2 shows a receiver arrangement. 

FIG. 3 discloses the multi-path . identification ar- 
rangement. 

FIG. 4 shows a correlator. 

FIG. 5 discloses the ranking arrangement. 

FIG. 6 shows an embodiment of a ranking filter in 
terms of a flow chart. 

FIG. 7 shows a part of the flow chart of FIG. 6, and 

FIG. 8 shows a descrambling arrangement 

[0019] FIG. 1 shows a mobile communication device 
1. The mobile communication device 1 is in (he present 
embodiment a mobile phone for a European Telecom- 
munications Standard Institute system or Universal Mo- 
bile Telecommunications system, an Association of ra- 
dio Industries and Businesses Wideband Code Division 
Multiple Access communications system, and/or a 
Wideband Code Division Multiple Access system being 
defined by 3 rd Generation Partnership Project commu- 
nications system. 

[0020] The mobile communication device 1 may be a 
multi-mode mobile station, capable of operating, for ex- 
ample in a Global System for Mobile Telecommunica- 
tions (GSM) system as well as a UMTS system. 
[0021] The mobile communication device 1 compris- 
es the receiver arrangement 2 and processing means 
3. The receiver arrangement 2 receives signals from a 
base station (not shown). The processing means 3. 
among many other tasks, proces signals received from 
the receiver arrangement 2. The mobile communication 
device 1 may further comprise additional circuitry, filter 
means, processing means, storage means, man ma- 
chine interfaces and so on which are denoted by refer- 
ence number 4 . 

[0022] FIG. 2 shows the receiver arrangement 2 in 
more detail. The receiver arrangement 2 comprises a 
multi-path identification arrangement 10 which deter- 
mines time delays T n based upon an identifica- 
tion signal S, D received from the base station. Due to 
reflections and different travels of the signal sent by the 
base station the identification signal S ID comprises time 
delayed versions of the signal originally sent from the 
base station. 

[0023] The receiver arrangement 2 further comprises 
a descrambling arrangement descrambling an informa- 
tion signal S inJo originating from the base station based 
upon the time delays v n provided by the multi- 

path identification arrangement. The output of the de- 



scrambling arrangement 11 is a signal S de which is fur- 
ther processed by the processor means 3. The informa- 
tion signal S jn(0 carries user information such as speech, 
email or internet information. 

5 [0024] FIG. 3 discloses the multi-path identification 
arrangement 10 in more detail. The multi-path identifi- 
cation arrangement comprises a signal generator 22 for 
generating locally generated signals S L1 S Lm hav- 
ing essentially the same information content as the iden- 

10 tification signal S, 0 of the base station. The locally gen- 
erated signals S L1 S Lm are timed delayed from each 

other by a delay between 100ns and 300ns. In the cur- 
rent embodiment the delay is 1 30ns . m is preferably less 
than 100. Preferably it is about 80. In the current em- 

is bodiment m is 77. The largest absolute delay time of a 
locally generated signal S L1 S Lm is preferably be- 
tween 10 us and 20 us. 

[0025] The multi-path identification arrangement fur- 
ther comprises a correlator 20 for correlating the identi- 

20 fication signal S, D with the locally generated signals 

S L1 S Lm . The correlation can be carried out serial 

or in parallel or in a combination of both methods. All 
three possibilities are within the scopes of the claims. If 
the correlation is carried out in parallel correlator 20 

25 comprises m subcorrelators 201. 202 and 203 as indi- 
cated in FIG. 4. The outputs of the correlator 20 are cor- 
related signals S C1 S Cm . They are inputs to a first 

filter 21 removing noise from the signals. The output sig- 
nals of the filter are denoted with S CF1 S CF(TL These 

30 signals are fed into a ranking arrangement 23 which is 
shown in more detail in FIG. 5. The ranking arrangement 

23 identifies the j signals S R1 S Rj of highest power 

out of the m correlated signals S CF1 S CFm . The sig- 
nals of highest power S R1 S Rj are outputs of the 

35 ranking arrangement 23 and inputs to a second filter 24. 
The second filter 24 is preferably a more complex filter 

than the first filter 21. The output signals S RF1 S RFj 

of the second filter 24 are fed into an evaluation arrange- 
ment 25. The evaluation arrangement 25 determines 

-jo the delay times r 1 t n . This is most preferably done 

via a hypothesis testing algorithm which tests the hy- 
pothesis that a delay time r; matches a delay tirhe of a 
signal component in the identification signal S, D . The hy- 
pothesis test is preferably a likelihood ratio test which is 

45 for example disclosed in K. Sam Shanmugan and A.M. 
Breipohl "Random signals, the detection estimation and 
data analysis" John Wiley and Sons. 1988. 
[0026] The evaluation arrangement 25 also gener- 
ates control parameters c r1 c. n for controlling the 

50 signal generator 22. 

[0027] FIG. 5 discloses the ranking arrangement 23 
in more detail. The ranking arrangement 23 comprises 

a power detector 26 detecting the power P, P m of 

the signals S CF1 S CFm . The values for P, P m 

55 as well as the signals S CF1 S CFm are fed into a 

ranking filter 27. The ranking filter 27 determines j sig- 
nals S R1 S Rj of highest power out of the signals 

S CF1 S CFm- 
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[0028] A preferred embodiment of (he ranking filter 27 
is shown in FIG. 6 in terms of a flow chart. After the start 
the 30 a step 31 is carried out reading the values of 

P n P m and the signals S CF1 S CFm . Step 31 is 

followed by a step 32, assigning 

P(1) P(m) = Pi Pm 

and 

S{1) S{m) = S CF1 S CFm 

i.e.. a variable P(1) is assigned to have a value P v a 
variable P(2) is assigned to have a value P 2 . etc. and a 
signal S(1) to be S CF1 , a signal S(2) to be S CF2 . etc. 
[0029] Step 32 is followed by a step 33 defining vari- 
ables L and R as 

L = INT (m/2)+ 1 

and 

R=m 

where INT is a function rounding down to the closest 
integer. 

[0030] Step 33 is followed by a decision block 34 
checking whether L is greater that 1. If this condition is 
fulfilled decision block 34 is followed by a step 35 de- 
creasing L by 1 . i.e.: 

L = L-1 

[0031 ] Step 35 is followed a step 36 assigning the fol- 
lowing: 

PO= P(L) 



SO = S(L) 

[0032] Step 36 is followed by step 37 with 
l=L 



J=L+l 

[0033] If L is not greater than 1 decision block 34 is 
followed by a step 38 assigning: 

PO= P(R) 



SO= S(R) 



P(R)= P{1) 



5 ( S(R)=S(1) 

[0034] Step 38 is followed by decision block 39 check- 
ing whether R is equal to 1 . If this condition is not fulfilled 
decision block 39 is followed by a step 37. 

W [0035] Step 37 is followed by decision block 43 check- 
ing whether J is greater than R. If this decision is not 
fulfilled decision block 43 is followed by decision block 
34. If however this decision is fulfilled, decision block 43 
is followed by a step 44. Step 44 is shown in more detail 

15 in FIG. 7. Step 44 is followed by decision block 43. 
[0036] If R equals 1 decision block 39 is followed by 
a step 40 assigning: 



S(1) = SO 

25 [0037] Step 40 followed by a step 41 assigning 
S R1 S Rj =S(1) S(j) 

30 and outputting S R1 S R j. 

[0038] After 41 is carried out the program is terminat- 
ed as indicated with reference number 42. 
[0039] • FIG. 7 shows step 44 in more detail. Decision 
block 43 is followed by a decision block checking wheth- 

35 er 

P{J) P(J+D 

40 If 

P(J) > P(J+1) 

45 decision block 50 is followed by a step 51 incrementing 

J: 

J = J+1 

50 

[0040] Step 51 is followed by a decision block 52. 
[0041] If. however, the condition 

55 P(J)>P(J+1). 

is not met. decision block 50 is followed by decision 
block 52 checking whether 
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PO > P(J) 

[0042] If this condition is met. decision block 52 is fol- 
lowed by a step 54 with 

P(t) = P(J) 

[0043] Step 54 is followed by a step 55 with: 
I = J 

and 

J = J+J 

[0044] Step 55 is followed by decision block 43. 
[0045] If the condition 

PO > P(J) 

is not met. decision block 52 is followed by a step 53 
with: 

J = R+1 

[0046] Step 53 is followed by a decision block 43. 
[0047] FIG. 8 shows the descrambling arrangement 
11 in more detail. The descrambling arrangement 8 
comprises a delay arrangement 50 delaying the infor- 
mation signal S ink) by the delay times ^ r n to obtain 

delayed information signals S ink)1 S in(on of the infor- 
mation signal S inf0 respectively. The delayed informa- 
tion signals S in(01 S inJon are added by a summation 

arrangement 51. The output of the summation point 31 

is signal S de which is the sum of S jnfo1 S infon . 

[0048] In all the embodiments of the present invention 
described herein, as well as other embodiments of the 
present invention, the method or communication device 
may be used in an European Telecommunications 
Standard Institute (ETSI) or Universal Mobile Telecom- 
munications System (UMTS), an Association of Radio 
Industries and Businesses (ARIB) Wideband Code Di- 
vision Multiple Access (WCDMA) system, or a Wide- 
band Code Division Multiple Access (WCDMA) system 
being defined by 3 rd Generation Partnership Project 
(3GPP) system. 

[0049] Various embodiments within the scope of the 
present invention are possible. For example, the 
present invention may be applied to various frequency 
bands. Additionally, the present invention may be ap- 
plied for monitoring in other types of mobile communi- 
cation systems than those described herein. 



Claims 

1 . Receiver arrangement (2). in particular for a mobile 
communication device (1 ). comprising a signal gen- 

5 erator (22) for generating at least m locally gener- 
ated signals (S L1 .'. S Lm ). which are time delayed 

by a delay time from each other, and a correlator for 

obtaining m correlated signals (S C1 S Cm ) by 

correlating a received identification signal with the 

10 m locally generated signals (S u S Lm ). 

characterized in that. 

the receiver arrangement (2) comprises a ranking 
arrangement (23) for identifying j correlated signals 

(S R1 S R j) of highest power out of the m corre- 

/5 lated signals (S C1 $ Cm ). 

2. Receiver arrangement (2) according to claim 1. 
characterized in that. 

the receiver arrangement (2) is a Code Division 
20 Multiple Access. CDMA, receiver, in particular a 
rake receiver. 

3. Receiver arrangement (2) according to claim 1 or 2, 
characterized in that. 

25 the delay time is less than 20us. 

4. Receiver arrangement (2) according to claim 1. 2. 
or 3. 

characterized in that, 
30 m is less than 100. in particular about 80. 

5. Receiver arrangement (2) according to claim 1 . 2. 
3. or 4. 

characterized in that. 
35 j is grater than 5 and less than m/2. in particular less 
than 30. 

6. Receiver arrangement (2) according to claim 1 . 2. 
3. 4, or 5. 

characterized in that, 
j is less than 20. 

7. Receiver arrangement (2) according to one of the 
foregoing claims. 

•J5 characterized in that, 

the receiver arrangement (2) comprises an evalua- 
tion arrangement (25) for selecting n correlated sig- 
nals of the j correlated signals (S R1 S R j) of high- 
est power, wherein n is less than or equal j. 

50 

8. Receiver arrangement (2) according to claim 7, 
wherein the receiver arrangement (2) is capable of 
receiving an information signal, 
characterized in that. 

55 the receiver arrangement (2) comprises a delay ar- 

rangement for obtaining n or less delayed informa- 
tion signals by delaying the information signal by 
delay times which correspond to the n selected cor- 
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related signals. 

9. Receiver arrangement (2) according to claim 8. 
characterized in that. 

the receiver arrangement (2) comprises a summa- 
tion arrangement for adding the n or less delayed 
information signals or adding the n or less delayed 
information signals and the information signal. 

10. Communication device, in particular comprising a 
receiver arrangement (2) according to one of the 
foregoing claims, having a signal generator (22) for 
generating at least m locally generated signals 

(S L1 S Lm ). which are time delayed by a delay 

time from each other, and a correlator for obtaining 

m correlated signals (S C1 S Cm ) by correlating 

a received identification signal with the m locally 

generated signals (S L1 S Lm ). 

characterized in that. 

the receiver comprises a ranking arrangement (23) 
for 

identifying j correlated signals (S R1 S R j) of high- 
est power out of the m correlated signals (S C1 

S C m)- 

11. Communication device according to claim 10. 
characterized in that. 

the communication device is a mobile communica- 
tion device 
(1). 



w 



15 



20 



25 



30 



are time delayed from each other. 

identifying j correlated signals (S Rl S Rj ) of 

highest power out of the m locally generated 
signals (S L1 S Lm ). 

selecting n correlated signals out of the j corre- 
lated signals, wherein n is less than or equal j. 
obtaining n or less delayed information signals 
by delaying the information signal by time de- 
lays which correspond to the n selected corre- 
lated signals, and 

adding the n or less delayed information signals 
or adding the n or less delayed information sig- 
nals and the information signal. 



12. Communication device according to claim 11. 
characterized in that. 

the communication device is a mobile phone or mo- 
bile computer. 



35 



13. Method for operating a receiver arrangement (2). in 
particular for operating a receiver arrangement (2) 
according to one of the claims 1 through 9, by re- 
ceiving an identification signal and obtaining m cor- 40 

related signals (S C1 S Cm ) by correlating the 

identification signal with m locally generated signals 

(S L1 S Lni ). which are time delayed from each 

other. 

characterized in that. **5 

j correlated signals (S R1 S Rj ) of highest power 

out of the m correlated signals (S C1 S Cm ) are 

identified. 



14. Method for operating a receiver arrangement (2). in so 
particular for operating a receiver arrangement (2) 
according to one of the claims 1 through 9. by 



receiving an information signal and an identifi- 
cation signal, 55 

obtaining m correlated signals (S C1 S Cm ) 

bycorrelating the identification signal with m lo- 
cally generated signals (S L1 S Lm ). which 
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